To investigate the prevalence of small intestinal bacterial overgrowth (SIBO) in patients with colorectal cancer (CRC) after surgical treatment and observe whether gastrointestinal symptoms may improve with rifaximin, 43 postoperative CRC patients (CRC group) and 30 healthy individuals (normal group) were subjected to the glucose hydrogen breath test (GHBT). All the patients were asked to evaluate the gastrointestinal symptoms using the visual analogue scale (VAS). SIBO-positive patients were administered rifaximin for 10 days on the basis of the original treatment. After the treatment, the patients were asked to undergo GHBT and re-evaluate the gastrointestinal symptoms score (GISS). The results demonstrated that 18 of the 43 postoperative patients with CRC were SIBO-positive (41.86%), which was significantly higher compared with the incidence in normal controls (6.67%) (P<0.05). GISS was higher in SIBO-positive patients (P<0.05). Following rifaximin treatment, 6 of the 18 (33.33%) SIBO-positive patients had improved, as evaluated by GHBT and VAS. Additionally, the GISS in the SIBO-turned-negative group had improved significantly compared with that in the non-turned-negative group (P<0.05). The symptoms of all 18 SIBO-positive patients following rifaximin treatment improved notably, particularly diarrhea (P<0.05). In conclusion, postoperative CRC patients are more likely to develop SIBO compared with healthy individuals, and SIBO may aggravate digestive symptoms. The administration of rifaximin improved the overall gastrointestinal symptoms, particularly diarrhea, in SIBO-positive patients.
Introduction
Healthy individuals are equipped with defense mechanisms against bacterial overgrowth and the small intestine is relatively sterile (1) . When one of those mechanisms is impaired, small intestinal bacterial overgrowth (SIBO) may occur. SIBO is usually caused by abnormal intestinal structure, intestinal dysfunction and impaired intestinal mucosal function (2) . SIBO is a serious condition associated with a number of diseases, which may severely affect further treatment of the patients and compromise their quality of life.
Colorectal cancer (CRC) is one of the most common gastrointestinal malignant tumors. With the improvement of living standards and changes in dietary habits, the incidence and mortality of CRC have been continuously increasing in recent years (3) . Moreover, with the advances in endoscopy and medical technology, the resection rate of CRC patients has increased. Postoperative CRC patients are commonly affected by symptoms such as unformed stools, constipation, bloating and abdominalgia. However, remission may be achieved with anti-SIBO treatments, such as bifid triple viable capsule and compound lactobacillus acidophilus, which are administered to regulate the intestinal flora based on the original treatment.
CRC and SIBO may exhibit overlapping symptoms. Moreover, the postoperative changes in the anatomical structure of the intestinal tract provides SIBO with breeding grounds in postoperative CRC patients. Therefore, it is reasonable to hypothesize that SIBO is likely to occur in such patients. On the basis of this hypothesis, we investigated whether treatment for SIBO may improve the digestive symptoms of postoperative CRC patients.
The diagnoses were confirmed with histopathological examinations following surgical removal of the tumors. All the patients signed written informed consent forms for the examinations. Furthermore, 30 healthy individuals (16 men and 14 women), aged 24-62 years, were recruited from the outpatient clinic and schools for the control group.
All the investigated subjects were required to meet the following criteria: i) No other conditions, such as diabetes, thyroid diseases, intestinal pseudo-obstruction, irritable bowel syndrome (IBS), or any other disease that may lead to poor gastrointestinal motility, and no lactose intolerance; ii) no use of antibiotics, antacids or probiotics over the last month; iii) no history of treatment with hormones, antidepressants and opioids; no long-term history of heavy smoking; iv) no colonoscopy or enema within the last 4 weeks; v) no history of renal insufficiency or infection.
All the procedures were performed under consensus agreements and in accordance with the Ethics Review Committee of Qingdao Municipal Hospital.
Glucose hydrogen breath test (GHBT).
All the investigated subjects underwent GHBT (model: HHBT-01; Shenzhen CNNC Headway Biotechnology Co., Ltd.). i) Sedative hypnotics, smoking, and the consumption of cooked wheat-containing foods, vegetables, fruits, bean products, dairy products and other foods rich in cellulose, were not allowed one day before the test; ii) rice was allowed as staple food, with meat and eggs as non-staple foods on the day before the test, avoiding overeating; iii) consumption of solid or liquid foods was not allowed after 8:00 pm, to ensure a comparatively low value of fasting breath hydrogen (FBH) on the morning of the test (12-h fasting); iv) smoking was prohibited one day before and throughout the test. Eating and drinking were also not allowed during the test, as were strenuous exercise and sleeping. All the investigated subjects were advised to brush their teeth carefully before the test and were kept in a sitting position.
Experimental methods. Using the disposable gas mouth blowpipe, the investigated subject exhaled slowly for as long as possible, with the flow rate being controlled at 250 ml̸min. When the first exhalation was completed, the patients continued exhaling after taking a breath, until the figures on the liquid-crystal display screen stopped rising, which required ~70 sec. First, FBH was measured. Subsequently, 50-80 g glucose plus 200-250 ml warm boiled water was used as the substrate (the patients gargled after having the substrate in order to minimize the effect of oral bacteria on the test). The expiratory hydrogen concentration was measured every 20 min after taking the substrate for 2 h in total.
SIBO diagnostic criteria. SIBO was considered to be positive if the expiratory hydrogen concentration had increased by >12 ppm after taking the glucose substrate, and negative otherwise. GISS. The visual analogue scale (VAS) was applied to all patients to evaluate the symptoms of diarrhea, constipation, bloating, abdominalgia, poor appetite and fever. The total score of each item was defined as the overall GISS. The symptom scores were compared separately between SIBO-positive and SIBO-negative patients, SIBO-positive patients before and after treatment, and SIBO eradicated and not eradicated groups.
Statistical analysis. Statistical analysis of the results was conducted using SPSS v19.0 software (Armonk, NY, USA). Qualitative data were evaluated using the χ 2 test and P<0.05 was considered to indicate statistically significant differences. Two-sample t-tests for a difference in mean and the Mann-Whitney U test of rank sum test were performed to check the normality and homogeneity of variance. P<0.05 was considered to to indicate statistically significant differences.
Results
Prevalence of SIBO in postoperative CRC patients. Among the 43 postoperative patients with CRC, 18 were diagnosed as SIBO-positive. However, among the 30 healthy individuals in the control group, only 2 were found to be SIBO-positive (41.86 vs. 6.67%; P<0.05). Comparing the CRC group with the control group, the age difference of the investigated subjects was statistically significant (P<0.05), while gender was not (P>0.05) (Table I; Fig. 1 ).
Digestive tract symptoms of SIBO. As regards the incidence of abdominalgia (34.88%), bloating (32.56%), diarrhea (41.86%), constipation (23.26%), fever (9.30%) and poor appetite (4.65%) among the 43 patients, the incidence of diarrhea was the highest, followed by abdominalgia and bloating (P<0.05) (Table II) .
Among the 18 SIBO-positive patients, the difference among symptoms was statistically significant (P<0.05). The incidence of diarrhea was the highest, and it was significantly higher compared with that among SIBO-negative patients (66.67 vs. 24.0%, respectively; P<0.05). Among the 25 SIBO-negative patients, the difference among symptoms was statistically significant (P<0.05) and the incidence of abdominalgia was the highest, although the difference was not statistically significant (32.0 vs. 38.89%; P>0.05). The differences among all the other symptoms were not statistically significant (P>0.05) (Table II; Fig. 2) .
VAS was applied to all the patients to calculate GISS. The value of SIBO-positive patients was significantly higher compared with that of SIBO-negative patients (8 vs. 4, respectively; P<0.05). Among 6 gastrointestinal symptoms, every score in the SIBO-positive patients was higher compared with that in SIBO-negative patients, but only the difference in diarrhea was statistically significant (7 vs. 5, respectively; P<0.05) ( Table III) .
Effect of rifaximin on SIBO. SIBO-positive patients were continuously treated with rifaximin (1,200 mg̸day) for 10 days. GHBT was performed at the end of the treatment course and GISS was calculated. Following rifaximin treatment, the overall GISS was lower compared with that prior to treatment (8 vs. 4, respectively; P<0.05). Only the difference in diarrhea was statistically significant compared with the values prior to treatment (7 vs. 3, respectively; P<0.05), while no statistically significant differences were observed regarding the rest of the symptoms (Table IV) .
In addition, 6 of the 18 SIBO-positive patients became SIBO-negative, with a negative conversion ratio of 33.33%. No symptoms were experienced by the 2 SIBO-positive patients in the control group; thus, no treatment was administered (Table V) .
Discussion
In recent years, several studies demonstrated that SIBO was correlated with several digestive system diseases or symptoms, such as IBS, cirrhosis and acute severe pancreatitis. Postoperative CRC patients also exhibited several digestive problems (4, 5) . In this study, GHBT was performed in 43 postoperative patients with CRC and 30 healthy individuals. A total of 41.86% postoperative CRC patients were found to have an abnormal expiratory hydrogen concentration, while 6.67% of the control group were found to be SIBO-positive. The overall symptoms of the CRC patients with SIBO, particularly diarrhea, were improved following rifaximin treatment, whereas 33.33% of the SIBO-positive patients became SIBO-negative. Therefore, SIBO detection and treatment were necessary for postoperative CRC patients. Table I . Characteristics of study subjects and prevalence of SIBO. Table III . GISS of SIBO-positive and SIBO-negative groups prior to treatment. It has been demonstrated that SIBO, as well as bacteremia, sepsis and intestinal endotoxemia induced by SIBO, are serious conditions associated with a number of diseases, which may affect further treatment of the patients and severely compromise their quality of life. The overgrown bacteria compete with the host for dietary vitamin B12, interfere with the metabolism of bile salts and affect the absorption of amino acids, thereby leading to B12 hypovitaminosis, diarrhea and hypoalbuminemia (6) . Furthermore, the overgrown small intestinal bacteria may greatly increase the number of the bacteria that adhere to the intestinal wall, subsequently producing a large number of metabolites and toxins that may damage the structure of the intestinal mucosa (7, 8) . Therefore, SIBO adversely affects the intestinal tract through various factors, thereby aggravating gastrointestinal tract symptoms.
Groups Prevalence -----------------------------------------------------------------------------------------------------------------------------
Prevalence, % (n) Gastrointestinal --------------------------------------------------------------------------------------------------
Median severity score (range) --------------------------------------------------------------------------------------------------------------
It was found that the clinical symptoms of the patients with SIBO were more severe compared with those of patients without SIBO. In addition, among all SIBO-positive patients, the incidence of diarrhea was the highest, followed by abdominalgia and bloating. However, among SIBO-negative patients, the incidence of abdominalgia was the highest, while that of diarrhea and bloating was not as high. This difference in diarrhea scores was statistically significant (P<0.05). The points mentioned above indicate that patients with severe gastrointestinal symptoms are more likely to have SIBO, particularly when diarrhea is the main symptom. SIBO may aggravate the patients' gastrointestinal symptoms, and treating SIBO improves such symptoms.
The symptoms of IBS may be significantly alleviated through the application of probiotics or antibiotics to eradicate SIBO. Previously reported data even demonstrated that the gastrointestinal symptoms of some patients with IBS were completely relieved following eradication of SIBO (9-12). Table IV . GISS of the SIBO-positive group before and after treatment.
Median severity score (range) Rifaximin is a semi-synthetic antibiotic designed based on rifamycin. It is a type of broad-spectrum oral bactericidal that cannot be absorbed through the intestinal wall. Thus, there are no known interactions with other drugs and its adverse reactions are mild (13, 14) . Recently, an increasing number of researchers verified the therapeutic effect of rifaximin on intestinal diseases. A dose of 550 mg rifaximin three times a day for 14 days has been used to treat patients with IBS, as reported by Pimentel et al (15) ; they found that 40.8% of the symptoms improved, compared with 31.2% of IBS patients treated with placebo (P<0.05). In another study, IBS patients treated with rifaximin for 14 days were followed up and it was found that their symptoms of bloating, diarrhea and abdominalgia were significantly improved within 3 months (16). The study of Biancone et al (17) demonstrated that short-course treatment with rifaximin for patients with Crohn's disease combined with SIBO was effective. All those studies indicate that rifaximin is effective against SIBO. In our study, it was found that, after treatment with rifaximin for 10 days, the GISS of 18 SIBO-positive patients decreased (P<0.05), and 33.33% of those were no longer SIBO-positive. The overall symptoms, particularly diarrhea, were significantly alleviated following treatment for SIBO, proving that treatment for SIBO is an effective measure for alleviating the gastrointestinal symptoms of postoperative patients with CRC. Therefore, the identification and timely treatment of SIBO are crucial.
Although treatment with rifaximin for SIBO may relieve some of the symptoms, it did not relieve all the gastrointestinal symptoms, and the turned-negative rate was rather low. Therefore, more effective agents for the eradication of SIBO are urgently required.
